Abstract. Dissolved phosphate and oxygen data from the waters at >300 rn depth beneath the Peru upwelling system imitate observed onshore/offshore surface productivity data. Positive onshore phosphate gradients and negative onshore oxygen gradients are greater in deeper water (up to 1000 m), reflecting the decreasing degree of horizontal mixing at depth. Mass balance reconstructions of surface productivity, nutrient remineralization, and onshore-offshore chemical gradients suggest that the lack of wide continental shelves during glacial climates would lead to more pronounced dissolved nutrient and oxygen gradients in the deep water adjacent to continental margins. Horizontal •i13C gradients in sediments beneath highly productive coastal upwelling zones may have been as high as 0.5-1.0%o per 100 krn, suggesting caution in the interpretation of benthic •il3C samples adjacent to continental margins during low sea level stands.
Introduction
Coastal upwelling zones form a critical link in the overall biogeochemical cycles of the ocean. In the modern ocean, photosynthesis consumes nutrients and produces oxygen in the photic zone. Sinking and subsequent degradation of organic matter causes deep-ocean water to be enriched in nutrients and depleted in oxygen. These nutrient-rich waters are brought to the surface by Ekman pumping at equatorial latitudes, Ekman transport along the eastern edges of ocean basins, and convective mixing of surface and deep waters at high latitudes. Differing global climates appear to have altered some of these processes. It is logical to expect that dissolved nutrients and oxygen in deep waters beneath upwelling zones would reflect the onshore-offshore surface productivity gradients. In the absence of onshore-offshore mixing processes, the dissolved chemical components should imitate surface productivity.
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On the other hand, very strong mixing should result in small or variable deep-water chemical gradients.
The relative importance of surface productivity gradients, deep-water nutrient chemistry, and the strength of onshoreoffshore mixing is considered here through the deta•ed examination of data from the Peru upwelling system. Results are then considered in the light of hypothesized increased coastal upwelling and differing shelf bathymetry of glacial climates.
Onshore-Offshore Chemical Gradients
Several criteria were considered in selecting a data set for studying deep water (>300 m) mixing and geochemistry in coastal upwelling zones. The locus of many coastal upwelling zones in the modern ocean is over relatively shallow water [e.g., northwest Africa, southwest Africa], thus making it difficult to observe changes in nutrient chemistry with depth. Finally, the chemical, physical, and biological variability of upwelling zones in both time and space is well documented [e.g., Small Water between 300 and 1000 m at 15øS is composed of Eastern South Pacific Intermediate Water (ESPIW) which has a high-latitude, low-salinity origin [Reid, 1973; Emery and Meincke, 1986] . ESP][W is a well-defined water mass south of 12øS [Reid, 1973] . Mixing of two distinct, intermediate-depth water masses with differing chemical properties Transects which showed greater than 0.1 at variation over the transect distance were not included in Figures 5 and 6 and Figure 6 ). At <700 m depth, oxygen gradients range from -7.4 to 15.6 /•mol/L/100 kin, while at greater depths the gradients are -16.3 to 7.3. Note that the ratios of oxygen and phosphate gradients do not follow a Redfield stoichiometry. This may be the result of nitrate reduction, which would tend to make the oxygen gradients relatively smaller.
The increasing magnitude of phosphate gradients and decrease in oxygen gradients with depth can be explained 
